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METHOD OP C2M.IBH«LTm , S *■ SpMfl?K«^ S^SO^M. 

I ' 1 ' ' > * 

'» ' ' \ \ ' 

The present invention relates to a method '-of 
calibrating a scanning system. A 'scanning '.system in t 
this specification should be unde'rstorid >to mean a 
combination of a machine and a prob£ which • together are 
capable of use in scanning an ©.bj'^ct in order i to obtain 
information about its size/ shape or Surface . contours . 

The machine may be, for example*, ^a co^o^din&te 1 
measuring machine (CMM) r machine tool ,'or> 'r'ot^t etc, and 
the probe is a measuring probe with ' a ywcrkpieee- 
contacting stylus. One type of machine jmisasuring 
devices for measuring the movement of 'the .machine parts 
in three nominally orthogonal directions v preferred to 
as X, Y and Z axes), and ozie type &f probte includes 
measuring transducers for 'producing >outp;ut;s indicative 
of the displacement of the tip. of -the stylus relative 
to the probe in three nominally- ortfrogcnjal ^directions 
{referred to as 'the a r b r and c' axes) > Although the 
term Analogue probe' is used, the outputs ,;for the a,b 
and c axes may be either analogue' or digita.1 * . 

In known systems, measurement 1 errors . are' c^iis^d by 
unwanted deflections of the probe'/ machine; .structure 
and workpiece. Errors due to bendirig pfil the, probe 
stylus are the same throughout the. machine .volume and 
may be compensated for by probe calibration Errors 
due to deflections in the* machine structure jnay be 
catised, for example, by the, machine ,qudll bending and 
the machine bridge twisting and vary 'throughout the 
machine volume. These errors increase^ for "example, 
with, increasing cantilevers, Errors in t-hfe, object to 
be measured may be caused by ofcjj'ecfc Reflect idn during 
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: • . > ^ • : 
• 2 ", . :' ! . ■ ■ . 

measurement as a result of for'ce by the <p£obe . : 

Parts of the -working volume of the machiri?vipay< be 
calibrated for measurement errtor? by ' u£±ng ( a ' 
calibration artefact such as a calibration sphere. 
However usually th$ calibration artefact; . canhtit be 
■located at the same position in: th$, maQhirie''s> working 
volume -as the part to be measured 'and is .iiasi^d 
located to one side. The measurement '^rrqass , determined 
at the calibration artefact -will thus be : di£f erent to 

those on the part. ; ; ' i 

/ ^ : 

. * ' > I ' ' ! 

Methods of correcting machines for gccele^atiort induced 
errors are known. One example 1 of such a 'njethod is 
described in European Patent No. 316557 v In t^is 
method a first article f rom ( a batch 1 of ^rioMinaliy 
identical articles is measured kt : a,'rs^a-t;i;vely slow 
speed, noting the measurements of the positions of a 
number of datum points on the a^ticlfe;; # ;The ^measurement 
operation is repeated at a relatively i £^&t ,spe£d noting a 
the measurements of the positions 4 of , the^ s.£rq& datum 
points, Any difference in the mep.su^emetits, 'are noted 
as errors in a correction table. • • ; . # ' t •« 

. * 1 . ! : : - : • ' - 

« < i , > > « 

Thereafter all of the article© are meaaure'd *eit « the 
relatively fast ,speed taking* measurements the 
positions of corresponding points, on £ach ^rtiole, ^nd 
these measurements are corrected for Machine ''« 
accelerations using the previously riotred errors , 

* * 1 i 

~ i 1 » 

Another method of correcting, errors 'is, disclose^ in 

WOGO/62015 . In this method a stylus o'£ *a prolSe mounted 

on a - coordinate measuring machine, is d,rilven liilto 

contact with a surface of an 1 . object lin a' direction 
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normal to its surface until a' predetermined 'stylus *V"'.vSr 
deflection has been reached- The-, machine ,3*3 then , ; ^ ^ 

- reversed whilst simultaneously petawdJlng l tiae outputs of V v ' , fl 
the machine measuring devices pnd measuring , transducers f i '; ,; ^; 
5 of the probe. T.his process is repeated for 'a selection 
of datum points around the surface of *thW object- The 
measurements for each datum points 'are qxtitepplated to 
determine the measurement which ttfould ' have , been taken 
when the probe deflection is zero, Th&a extrapolated 
10 value relates to when the probe is just art 1 contact with 
the surface. > , \ » : • 

, ' * * ' \ * 
The object is then scanned at a i slo$ §p4*d >a#d; 
predetermined stylus deflection. > The .diff fi^ertCe at the 

15 datum points between the initial measurements and the 

•<■ ■ ■* * ** 

$can recorded. . . ' ' 



The scans are repeated at the samfe i?tylu>s .deflection at 
greater speeds until the variation in th-e xeccfcrded 

20 differences between the fast scan, aiid -<the /initial 
measurements and the slow scan' and the, 'initial 
measurements exceeds a defined, tol^r&nfoev « ;Tjh4 . last 
speed which falls within this, tolerance ijs 4 the maximum 
scanning speed. A map of the, positiori'al^ertfdrs at the 

25 datum points is stored along with; the ,4afca' Relating to 
the scanning speed, particular artefact ^ particular CMM 
and probe and stylus configuration etq. -lit, [±$ possible 
to interpolate from this map to obtain! radial .errors at 
angles in between the radial direction^ $t which actual 

30 data was obtained (i.e. the datum; point; st) 

This method has the disadvantage that f ths is'tep^of 
collecting the datum points is time consuming J ^ 



I Si > 



.v l - 



/ 1 



V S 
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and outputting the measurement 'dat^cprresponding 
to zero stylus deflection or z^ro pijpb'js fb^qe* £s the 
measurement of the object* 1 \ [ , ' ' * , - 



may be a parametric function- 



» i 



The present invention provides a icie^od 'of -measuring an . ;;> 3 

object on a coordinate positionin-g ^p^arabus, ' - 

comprising the following steps; in suitable order: 1 s vV» 

,f ' » ' ' } '*"»'*'/ 

placing the object on the' coordinate 'positioning ?W 3. 

5 apparatus; . , . , ; . ; - 

measuring the object with' a workpiece contacting 

probe to create measurement data o'f th'^ ;objJ^dt^ the 

measurement data being collected at \ multiple ; stylus - ; 

deflections or probe forces; y v v . j . 

10 for at le'aat one location * on' the ' of the 

object, determining a function relating fc'Ke Measurement 

error data to the stylus deflection ' or^ pxobe force; 

for said at least one location ,orv the; ;^ua?f ace of 

ths object, using the function to determine, 'the 



15 measurement data corresponding to zero , i st,'yJl-U'S ' t 'Vl'iJt 

"deflection or zero probe force;' ; ! ' '• > ' VV'*"'M' 



V < 



20 V^SS 



we 



The term measuring includes taking measurements using 
either, a scanning probe or a touch triggepr >3pir,qbe. 

The known stylus deflection or proke f brcel inay be a 
25 known constant deflection or f orc$ or &' khpwh ;varying 

deflection or force, , , 4 , ' ? 

« ' # 1 « 

! ' : ; • ' i : • ' • 

Preferably the step of measuring the object' with a 
workpi^ce contacting probe comprises 'scanning the , 
30 object. v t i r ' 'I^Av? 



1 ' ' '°*! 

« I 1 /** . 



5 . |H. > 



Th^ function may be a linear f unction,. • , The 1 ' function 1 ' ^*ir v ?A 

1 # 



v i 
\ J % s 



1 % i 
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In one embodiment, the object is measured fr^Ong a scan 
path and measurement data is collected * at multiple 
stylus deflections or probe f oirce© g^r, a ' 'section of the 

( scan path; ' \ ' t , , , 

i » * * * 

5 the function relating the raeasidr^meSbt data to the 

stylus deflection or probe forcfe is dsterxain^d for 
locations an said taction of the £can 'path; 

and wherein for locations, bn /the scan -path but not 
on said section of the scan path/ the ; £unct'iori relating 
ID the measurement data to the stylus defleat,iqri , or probe 
force is determined from measurement 'data .collected on 
said section of the scan path. ( - 'y * . 1 ' ' 

The function relating the measurement 'data^to^the 
15 stylus deflection or probe force for iocktiqns * on the 
scan path but net on said sect ion of , the. ,s'can path is 
determined from the X and Y axis components 'of the 
function relating the measurement data to the stylus 
deflection or probe force on said section of- ,the scan. 
20 path- v , 

The object may' be measured klorig thd sjcan p>th by 
scanning a surface profile forgone, f^vcluti'on lat a 
constant or variable probe deflection or pfcobe \ force. 

25 Measurement data may be collected at .multibla 'stylus 
deflections or probe forces for a 1 section of the scan 
path by taking additional 'measurements' oh> the, 'scan path 
at a different probe deflection or probe fbrce* The 
additional measurements may be taken b^ scanning the 

30 surface profile fox at least a ^quarter revolution. 

Alternatively, the measurements m&y toe} taXen: 'by taking' 
measurements of the surface profile as! tfce* p#qbe is 
moved radially towards or away from th^ a:upface at at 
least' two different locations, s 1 



Preferred embodiments of the invention ' will ^now be 
described with reference 'to the accompanying drawings 
in which : * \ ; 1 . , \ ; \ 

Fig 1 is a schematic diagram ,cf 411 '^nilogue probe* 
mounted Qia a coordinate measuring maqliinje;, ; 

Fig 2 is a schematic repute's ent at i'o A -several 
different constant stylus deflection stains around an 
object; > / * , ' \ ' ; 

Fig 3 is a graph illustrating prdhd Reflection 
against object diameter; 1 » 

Fig 4 is a graph illustrating probe force; against 
probe deflection? t \ . . ; 1 ' ' ' 

Fig 5 is a graph illustrating tjhe .i?ad,iail ; error 
against probe deflection ( J , . : : ' ' 

Fig 6 is a schematic illustration ,of th£ static 
correction, vectors; j ; /'\' t <, , 

Fig 7 is a schematic repr-epentiatiqxt J, a£< several 
different constant force , scans ■ arouijd <ai\ c^eCt ; 

Figs 8-10 are schematic illustrations, ,Of , a feature 

v * 1 

being deflected under measurement' fores;, j 1 ' > v ' 

Fig 11 illustrates the real diameter iarad ! the 
measured diameter of a f eature' ha virig floW Stiffness; 

Fig 12 is a schematic illiasttatiqn^f. 'the dynamic 
correction vectors; ' \ , . [ \ < ; 

Fig 13 illustrates the scan profiles 'during the 
method of a second embodiment of the 1 inyje&tidn; 

Fig 14 shows a portion of the $oa,n proxies of Fig 
13; ','*.'•.■ i • , 

fig 15 illustrates a workpiece being 1 , measured 
according to a third embodiment: off *t;he v inVention; 

Fig :v 16 is a schematic reprea &ntat;i ap q£ 'a scan 
with a sinusoidally varying .stylus' deflection Ground an 
object; . ■ , ■ , v , * ; 1 

Fig 17 is a schematic representation tff, 'a ©can 
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with a single sinusoidally varying stylus- 'deflection 
around- an object; - : / 

Fig 18 illustrates a section ,p£ the Vd-an .profile 
of Fig 17; , * t . \ t \ \ 

Fig 19 illustrates a graph- of a fwnlcbioii 'relating 
part measurement R and 'probe force F; 

Fig 20 illustrates a bore, beirig scanned >u$ing the 
scan profile shown in either of figs 21 or 2*2 1 

fig 21 illustrates a scan profile ip. whicb a bore 
is scanned a complete revolution and a ^qtfaktei!' 
revolution; . , 1 • '/ ; \ 

Fig 22 illustrates a sc^n* prof ilec in which a bore 
is scanned a > complete revolution and : the|p radially at 
two locations; and , > 

Fig 23 is a graph illustrating 1 a tfadia'i i *' 
measurement used in the scan profile of, Fig £2.; 

f i 

In a first step of the invention, ■ p. m^sureAient force 
error map is, generated for an object. : 'This* i*' achieved 
by mounting an analogue probe 10 oyi ;th^ gu^fl J 12 of a 

coordinate measuring machine (CMM) (not shown)' as 

' '. ' 

illustrated in Fig 1. The analogue jprobe 10 x has a 
deflectable stylus 14 with a workpiece' contacting tip 
16, the object 18 to be measured/ xd mtottntkct oh the CMM 
machine tabls 20 and the probe 10 is driven slowly by 
the machine quill 12 in a path ' arpund *Jhe pfoj'eqt. The 
object 18 is first scanned along a' path at a first 
constant probe def lection, for example' 3D0pm.* 'The 
object is then scanned along this. 'path ajfc &h© 6r more 
different subsequent probe def lections;-' Pop* Wjqample, 
the part may be scairn^d a second tiir^ with, -a- pjrobe 
deflection of 200pm and a third 'time with k pijobe 
ddf-lection of lDQpm; - Fig 2 shoves ' a 'repx^teprbation of 
the object 18 and the measuremejni;^ ' ob^ihed- fr;om the 
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first 22, second 24 and third 26 scan* % apouri4 .it - Each 
point on the object 18 will thus have *thkre:e -'different 
measurements A,B,C, resulting from- the ^thrise .different 
scans at different probe deflections 1 /Fjqfr- .ejach point 
on the object, the measurements may be 'extrapolated 
back to calculate the measurement, whiqfo *vro t uld have been 
taken if the probe deflection was' 2$rcf, ' Pig 3 ■ shows a 
graph of the probe deflection against 'cjb^jct diameter. 
The actual object diameter is Shown./ at zero probe 
deflection- The step bf extrapolating; to' S'er'o probe 
deflection allows the measurements at .sefo, probe 
deflection to be determined without tsha er:r!o'r^ ( o£ 
actual measurement , caused by probing ior ; oe errors* A 
passive probe is suitable for use. in this method, such 
a pjrobe may comprise a stylus Aef leasable against 
springs . ' ! ' ; 1 ' 

? i* i « * * 

This information, enables/ a measurement ,f b,rpe. 'error map 
' of the part to be produced- If ' the scan's, <?£ the part 
were taken at a slow speed, this results' Ah negligible 
dynamic errors due to very low accelerations'. .o£ the 
probe and machine . t ; , , , , 

Pig 4 shows the relationship of prob.e Zorp'a- against 
probe deflection. The probe acts wi,thin^ Hbbk' /( s law 
such that when there is zero, probe force, there is zero 
probe deflection. J ' ) 

Fig 5 illustrates the relationships o.f' radial; error 
against probe deflection. Points ' A r B arid' 9 relate to 
the radial error ..at probe deflection .lOGjami 2 OB jam and 
300pm respectively. By using these points'* tp^ / 
extrapolate to zero probe deflection,, aero, radial error 
is achieved. Once the function relating' pi: obe) 
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i ' » 

' ' * v 1 

deflection and radial error has been determined, a 
subsequent measurement taken at any,prob!a' deflection, 
for example point P r may be cprfcejpted 'to*, ,z'ero radial 
error using this function. As thefts -is, ^, linear 
5 relationship between probe deflection an:d radial error, 
the function for correcting measurements* at a 'given 
probe deflection is also linear. \ ; » . 

; ' • i , ' 

Alternatively the measurement force error may be in the 

10 form of an error map* This co^ld be in ;th.e form of a 

look-up table, with different error ? corrections for 

different stylus deflections. The error* Wp could be 

in the form gf a polynomial functipii^ , ■ , ; 

\ ' ■ ' 1 *> 
* » ' 1 * * * 

15 Fig 6 shows the error corrections,; for ppitvts^ on the 
scan, Each point on the- scan hasf a 'di'f'f ferejrt .radial 
correction 38 which is applied * for-' a csft&iLjri stylus 
deflection, If a subsequent object ■ isl sc^pned at a 
stylus deflection of SOOjAm 36, 'the meafeufceiaeiyt force 

20 error function or map may be used, to correct the 

measured dimensions 36 t&kexi at this' sfcyljup, deflection 
to the actual part dimensions 34 corresponding 'to the 
part being scanned at a deflection, o,f puia, ' i » ' ' ' Y/. ^' 



25 This method is not limited to each' staan havings 

constant deflection, as long $s .points' brr the' "object 
surface have measurement data corresponding to, 
different stylus deflection$ to enable, the I measurement 
data to be extrapolated to zero. * For e^kmplfeV. Tig IS 

30 illustrates a first scan profile 60 .around.*, object 18 
taken at constant deflection and 4 second! scan? profile 
S2 taken, using a sinusoidally varying deflection * 
Points P1,P2,P3 on the. object aurface thtis' each have 
two measurements taken at different probe deflections- 
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This ttieasurement data may be extrapolated * to ?ero as 
previously described. || ,! ; ' ? < - 

It is also possible to collect sufficient t measurement 
data during a single varying scan f^ofiW^ Fig f 17 
illustrates a single scan profile ,70 around 'sun .object 
IS, the scan profile 70 being taken using ' a * 
sinusoidally varying stylus def lecRicr*. Fig 18,,' 
illustrates a section of the scan profile 7G« Over a 
small angle 72, scan profile 70 contains miny *data 
points taken at different stylus deflections.* ; Assuming 
changes in the surface are small oyer *ajp£^e '72 '{eg part 
deflection and uniformity of surface)., th^se'data 
points taken at different stylus deflections .over ' angle 
72 may be used for the extrapolation 'tO'.zerd'; 
calculation. This is also possible, if tfrere;£s'a . 
change in the surface profile over 4 ,arrgl^ 7$,. as ;iong as 
the change can be assumed to be linear. ; , , \,\ 

Alternatively, instead of scanning the object; 'several 
times at different probe deflections , -it maj| tie scanned 
several times with the probe having a .dif Cerent ' * 
constant force for each, scan > For example,] 'the object 
may^ be first scanned with a constant force between the 
stylus and the object of 0.3$* The. ob|jeq;t may ^theii be 
scanned a second time with a constant ,f0rce ; af<Qj,2ft and 
a third time with a constant force, of 0.:pt. , fiach of 
these scans may have the same or different stilus j , 
deflections- Fig 7 shows a represeivtatiotf of, /tHe 
object 18 with an actual part dimension 34 i ajid the 
measured -dimensions obtained from tjie first: ''28> l second 
30 and third 32 scans at different. concstjanrti .probe 
forces * ■ « 1 ' 
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As before, for a point on the surf ac^ \of tifte object, 
there are three sets of data relating ■ tq '^he^Gatis ait 
different probe f o^ces ■ This data may be .Extrapolated 
back to enable the point which 1 ' wquld* be '%£a Surfed with 
zero fprce between the stylus and wrKpi;qqe [i.e. the 
actual part dimensions) "to be determined. 'As described 
previously, an error function or map may be greated 
relating measurements taken at a given probe* force to 
the correct measurements for given* $oint determined 
for sexo probe farce by the, extrapolating to ?ero 
technique. Subsequent measurements 1 at eKgiyen probe 
force may be corrected for measurement ;£ of ce errors 
using this measurement error function l QV . map, 

As with the previous method^ sufficient: ;<a^fc4 i?*ay be 

collected from a single scan of t varying probe force (eg 

having a sinusoidal profile) to do tlie extrapolate to 

zero calculation. • ' ' \ • 

i ' 

J u > > l 1 , » 

* ' \ 1 * \ • 

* 1 1 /. ' I 

This method is suitable for us0 t in an laqtive scanning 
probe,, in which a motorized meth^hism >£a> 'used ' to 
control and modulate' the contact force With .the 
component to be measured. • t * * ' , * 

The object may comprise a p£rfc ,pf ; a ■'' series of parts to 
be measured- In this case a measurement' fierce' error 
map of this part is produced by. this , method; , 
Alternatively, the object may Comprise a?n .artefact 
having features corresponding to the' f daturas on the 
parts to be subsequently measured- Thes'a features may 
be, for example, spheres r ring gauges, plug 'gauges etc, 

Us© of the artefact allows geometric erriors in addition 

'* i ' ' * ' » 
to the probing force measurement erirors/ t'o be 

determined- Geometric errors are errors, *af -the machine 



16-DEC-2003 14: 0S FROM REN I SHOW PLC TO 901S33B14444 




12 ■ 

and probe , for example non-linearity of the machine 

scales or the machine axes not being ' straight ■ As the 

forms Qf the features on the artefact 'fenowxi, -thay 

may be used to correct for geometric errors' the 

5 machine and probe , tfhis may be, done 'by comparing the 

extrapolated to zero data of the artiefept with j the 

, * * I / * 
known form v of the artefact and it prpducixig j a; -gedmetrxc 

error map to correct subsequent p&Ete Wi!thf«, , - 

This method may also be used to directly,< v mW^ure a 

10, part, without first creating an er,rdr Sna£i.: [ 1 

As previously described, a fir^t measurement', Ri of the 
part is obtained at a first pr<i>be< &qf lect,ioi> ,q£* probe 
force Fx and a second measurement R z of, tl^e, part is 
obtained at a second probe deflection or* pjrojbe | force 

15 F 2 . - This may be repeated for subsequent measurements R n 
at different probe deflections * or, probie tojscJes F n - 
A function relating measurement data .of, fch^ part to the 
probe deflection or probe force is determined ,f rom the 
measurements of the part % and' corresponding probe 

20 deflections or probe forces Fi,F?t. This )f unction may 
be a linear or higher order curve, (e*g;- a, pajcan^fetxic 
curve) » The function is used to extrapolate; t-ha 
measurement data to provide th£ me^sur.e^e'ni; data Ro of 

■ L ! ' 

the part relating to zero probe forcfe JPo. , ^Howfever in 

25 this embodiment, the measurement data fto ' c6r£<ssponding 

to zero probe force is calculated* "on the fpp^r* and 

thus without the requirement to first caJLcui^ttQ an 
error map of the part. % * '» r x 



i 



30 ' Fig 19 illustrates a lin^&r function r^latin^ gart ; 'V'$$; 
measurement R and probe force F determined /f^oip the'- 
measurement data and the corresponding t jpr<bbe 

force Fi and F&„ In this case, »,R 0 is, determifte'd by the • /';":\ 



-.ft* 
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equation: 



13' 



(Rz-RQJgV 



A$ described previously, at, least one of *th£ sests of 
measurement data may be obtained during 'a .scan, with 
non-constant probe deflection or probe £qi;Ge # 1 for 
example a sinusoidal scan. Alternatively,;, a 'dingle 
scan of the part with varying fcrobe defleqt^on or probe 
force may enable sufficient data to ,be * collected for 

the "on the fly' 1 ' extrapolation calculation. * " 

* > .» , 



15 



20 



25 



30 



It is not a requirement to have two* comp'lete scans of 
the feature to be measured, For example, ''Fig 2 0 
illustrates a bore 80 which is being scanned &y a probe 
82. Fig 21 shottfs the scan profile! of ,'th'e pose], which 
is measured a first tame '84 at a .first <prob£ deflection 
or^ force fox a complete revolution', The fcdre>is then 
scanned a second time B6 at a second probe :de£lt=!ction 
or force for a 'quarter revolutipnv The' first '84 and 
second 86 scans may be at constant or 'Variable probe 
deflection or ptobe force., As » in* prevfi 0,14s embodiments, 
the data from the first and sepond scans' -are i^sead to 
determine the surface measurement at points, ;on ; the bore 
surface at zero probe force by ^extrapolation -to ?6ro. 
The data from the quarter scan 86 has sufficient 
information about the errors along the X' pxid 'X axes 
that scan data may be corrected around th^; who^e 
circumference of the bore using this data., , [ , . 

' t ^ > I 
, , ' * i 

The quarter $can may be replaced by two madial sets of 
measurements. For example pig ,22 1 illustrates a scan 
profile of the bore in Fig 20 in which the b'ore is 



• v. 11* 

• 'V- ; ^ 

1 i. •v"' V 

|qea?QOmaS$Pec 
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scanned a first time 8 4 as before'.. Instead , of , the 
second quarter scan., the probe< is ^brought; 'radially 
towards and aw^y from the s.urface of a b'b're 'at a first 
position BB, whilst taking surface- i^e^su^m^nts at 
5 different probe deflections or, probe Eorosfg." ;Fig 23 is 
a graph illustrating probe deflection ^gait\st surface 
measurement for measurement a taken at i a )po±nt *«on the • -V \ r 

bore surface as the probe is moved fadiajlly 'towards the V' 1 
bore surface. This is repeated ( at; a se'cdnd position 90 

10 on the bore surface, spaced angularly 'from ( t % h£* first* 1 ,l : 
Preferably the' radial measurements are '50°.. ( ap^rt for \ 
ease of extracting the corrections along the -X and Y * \ t vVJ. 

axes, however the radial measurements irkay be .spaced at 
different angles. As before, extrapolation ^6 zero at 

15 the two radial positions enables a true tti^a&U^ment 
relating vto zero probe force to be determined Jat two 
positions- thus the error corrections 'relating to X 
and Y may be determined and hence measurements may be 
corrected across the whole bore. : s ! 



'« /A' 



f » 'I, 



This method is adequate when the ws.Ha, , of tHe \ feature t rjt\% 



being measured are sufficient thick so' thafe vthere is no . r\V, 

significant local part deflection, whitfh, would affect y? 

'the correction at local areas of the bor'e^/ ,> , « ^■'*;iy i 

2 5. , ' v ' 



... -A* 
I v l. 



This method has the advantage that tha 'ejcr-or.s due to 

probing force measurement errors and geometries -errors 

can be separated, ( This would not* be v the ,qa'se if, for 

■example, measurement data from k s'can with' f 3to Gum 

30 deflection is compared with .the knottn l fo*rav. of the 

artefact* In this, case the probing fepjete measurement 

error and geometrig error would be combined into one ■''»\v?i} 

correction and 1 it would not be ,po£sibXa to 'separate . \/*V'>v 

.;'«;') ; ■ , . r i 

them. 1 ' . * - * 1 ( i^" (, : nj 

; ' ? « ' ' 
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This method of correcting for separate 'tftaafiutemeflt 
force errors and geometric errors 1 has the: ^vintage 
that it takes into account the erfops idue • t£ deflection 
of the object being measured. Ob'jeots- witlh ,l'9,w* 
5 stiffness and/or thin /walls may deflect, with' the 

probing force whilst being measured!* 1 / 

i . , * 

' Fig 8 illustrates a feature 50 to pet mea^red* jtfhich ha;s 
low stiffness. When the feature t is contacted' with a 
10 probe 10, as shown in Figs 9 and '10, the . feature 

deflects away from the probe, This' d^flectiph, of the 
feature caused its diameter measured, ^t^etce F to , 
appear' smaller than its actual diameter., > Fig* 11 
illustrates the actual diamete'r Sj2 pf . the ( feature and 
15 the measured diameter 54 using a -probe £o:f c£ E\ 

Similarly^ the inner diameter of a ^ing would appear 
larger than -its actual diameter -f : Q-r, the , same reason. 
At aero probe deflection or zero { ;probe fo^oe, there will 
be zero deflection of the feature. Thus, the 
20 measurement force error function or ; map x created by the 
method Of this invention takes account of ; these errors 
by this extrapolating to 2e.r0 'Ste£, » ■ ; » \ • 
In a second step of the invention; the 4 dynamic; errors 
of the system are determined. * Dynamic errors t pay be 
25 caused, for example, by machine bendiiig *dua i to 

acceleration. Once the measnreksnt £ oirce j e^iot' function 
or map has been produced as d&scuibed f &lipv©i . the object 
is scanned at a high speed. The ,'high sp6ed<scan is 
carried out at either constant' probe' deflection or 
30 constant force, as above- In addition* * the high speed . 
scan is preferably performed at a constant * spe^d. The 
measurement data from this fast sican is , compared with 
the measurement force .erxror corrected ■ slow scan 
relating to the actual dimensions of the abject, 
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produced as described in the first step > ot nthe 
invention. A dynamic error function or;m2tp;ift£y be 
produced by comparing the fast scanvand /the measurement 
eirror corrected slow scan. This dynamic error, map is 

5 used to correct subsequent scans taken . at .a ,*fast speed. 

* 1 i » ♦ 

I \ 

, y t \ ' » 

The subsequent scans do, not need to have, 'the. $£.me 

t ' % y 1 4 

stylus deflection or probe forbie as' the 'OJciorinal fast 
scans as the dynamic error function/ relates ; the error 
10 to the deflection or force. However, it ,'ds ' desirable to 
use a similar fast speed for the subsequent * scans 

Fig 12 illustrates the measurements taken : dulring the 
fast scan 4 0 and the actual dimension "<42 o£ »fclie object 
15 created by measurement force error corr^ct'iiig the slow 
# < scan as previously described- \ " * ; ■ 

:'•/''.:!•■' ! 

The dynamic error map has been, combined ,Wi'£K ,ihe 
• v measurement force error map or v fujictioh vto create a 
20 total feature map. This is done by adding' .the ■ 

measurement force error correction veata'ra «3^8 ,'around 
the part illustrated in Fig 6 With the dynamic error 
correction vectors around the part to cre'ate .combined ^^U^-i 
correction vectors 44 illustrated; in Eig iaf , - % \ • ^ 

This method has the advantage that sis the measurement ' V**. : i\ 

errors are determined by scanning the object .£t ^ %, *w*y 

different probe deflections or different' forces, the •V^.**?* 
measurement errors are known far evesry ppirit^ qn the 
30 surface of the object, Thus no interpolation 1 'is 

required. - ; , : ' I^'ij 

1 *' ', ,!*" ( 

In a second embodiment of the invention, ' the 5 1 1 : 

measurement force errors and the dyhamic* errors may be ^ {| ik ft ,p J 



1 - ilW 
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described with reference to Figs 13,and 1^ . #, ;A> , V« 



15 



20 



.determined in combination* Sufch a ntethqcj yill now be 



d&f lsction, for e^aittple 10 0pm. ' Fi.g 13 shows 
10 profile of the fast scan PI, The opjej&t is, 

scanned along the same path at > the £$s;t 'spe^d lOOmia/s 
and at the first deflection' 200ymV Fig 13 shows the 
profile of the fa^gt scan *F2. << 1 ' 



The L5ED is now used as a base 



linfe v ;Ths t error between 



the LSED baseline and the F2 scan is now determined , 



K '7' if * ''I 



In a first step, an object is scanned a!t a! .slow speed 
for example 10mm/ s with a >first ; dfe'f leatipfrv vfor example 
200ym. Fig; 13 shows the profile pf the ;sl!dW. scan Si- " V/.r^f 1 

The object is then scanned along the dam£ path at a 
fast speed, for example lOOmm'/s attd afe a- second 



the 
then 



i 1 <' s 

1* ' ' ill 4 



Fig 14 shows a portion of the S1,F1 arid 'F2/ ^sc^n ■ '•'■V-iv* 

profiles around the object. PI ahd F£ are^prof iles ;£ or *' \CY 
scans of the same fast speed (100m/s). 'but' .different ' ;? ^(V^ 

deflections (lOOum and 200vim respectively),.; , By ;* 

extrapolating to zero deflection, the 'profile of the ^/'.'/(^ 

object for a high speed (lOOmm/s ) \ scan, "with* aero , 

deflection can be determined. -This ^tfofdXfc >is • shown as c V;?yS* 



HSSD on Fig 14. The error due, to ctef l"ecjt)ib^ of the F2 • ''^/'.^ 



J 



scan may thus be determined. , This def lecVi.Qn error is '.-"/>. "h 

shown as ei^ on Fig 14. ,••>>, ; , ' l\i 

• • • 1 . '• y 

25 ' * : ' ■.'..v.;-;'*" 



5' 



<i i \* **** ' 'iH 



As scans SI and F2 w.ere carried opt ;W± % tK the s^me probe 
' def lection {2Q0vim} , the def lection 1 error ei> 1 ma'y be 
applied to the profile of scan! SI' to find the 'prof ile 
corresponding to a scan at low ' speec} ' v^itji s^rd , 
30 deflection. This prjofile is shoviro. as 'liS;ZD -on Fig 14 
and corresponds to the surface of the obj,e^t- 
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This is labelled ea on fig 14, The terrors" eg may be 
stored as -a correction map or function.* • , 

t « 

Subsequent objects may now be measured a,t« a -sfpeed and 
5 deflection corresponding to scan F2 and corrected using 

the correction map or function. , % , ? * 1 

» i ' 

This method may be used with a f orc^-m^^s^ixig ' probe 
rather than a deflection-measuring probe. In ^this 
10 case, scans SI and F2 are carried* out ,at< »' first probe 
force and scan Fl is carried out kt a Second probe 
force- The two fast scans must theft] be extrapolated to 
?§ro force to determine the high speed 'ztew? 'force 
profile and thus the error due to fqirce pff 1 fche , F2 scan 

.15 may be determined. ' 5* ' 

v ■ 

The measurements of the object t during i th<p ;Sl> #1 and F2 

scan? may 'be determined by using either k scanning 

probe or a touch trigger prohe* A touch, .trigger probe 

20 may be electronically loaded s6 that it triggqxs at a 

certain force. Thus during the SI and F*2f ;s cans the 

probe is loaded to trigger at a first »£ orrfee 1 and during 

, the WX scah the probe is loaded tfc trigger* 'at 'a second 

force, enabling the two fast scans to exJbpap^Xate to 

25 zero force, \ 

* i 

* «* < i 

It is not necessary for the slow bean /bp 'hive the 
same stylus deflection or probe force ? as t*,e 'fast scan 
Fl, This is because the relationship 'betwssrj. stylus 
30 deflect ion /probe force and measurement err?or is 

determined at the fast speed f rom, Istfahte fl and F2, 
which enables comparison with any stylus 
deflection/probe force st the slow speed.' . : 



-I 
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A third embodiment of the invention will now be 
described with r&feranes to Fig 15, i A stylus' 10 of a 
probe is driven ii^to contact with .a' sOrf^ce^pf", an 
object IB along a path 4 6 in a direction norma/1 to the 
5 object r s surface until a predetermined' styla£ force has 
been reached- This step is repeated $4qxig the. same 
path fa j? a plurality of different predetermined stylus 
forces. The measurement data along, this path' is used 
to extrapolate back to enable the point -.wh^cbh, .would be 
10 measured with zero forces between the st yitf S > £nd 

workpiece to be determined- TJiis is %)tl6 \ nominal object 

* » , 

measurement . , . >t 

> » i % 1 

This process is repeated for a selecting, of .datum 
15 points around the surface of -the object/ ,TAe data from 
each of these datum points is used to*; etfa^t^ an e^or * 
map as previously described to correct subsequent 
measurements. Measurements of* the su£f ace r of . the 
object between the datum points are perfected by 
20 interpolating the error map bet-ween t the 'datum, points . 
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